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DETOXICATION MECHANISMS IN THE SHEEP. 
By S. E. WRIGHT, M.Sc., pip.Pharm., Chemistry Department,
University of Queensland. 
An investigation of the toxicity of certain terpenes and related substances 
towards sheep was begun by Harvey\ and a number of interesting products were 
isolated from the urine after hydrolysis with strong acids. The work to be 
described in this paper is essentially a continuation of these experiments with a 
view to obtaining information about the conjugated derivatives present in the 
urine prior to hydrolysis. In this way it is hoped to be able to compare the 
detoxication mechanisms of the sheep. concerning which little is known, with 
thos,e utilised by other animals when fed with similar chemical compounds. 
1-a-Phell.amdrene.-This terpene was fed to rabbits by Fromm and 
Hildebrandt2, who indicated the presence of a non-crystallisable glucuronide in 
the urine. On acid hydrolysis of this glucuronide these workers obtained 
p.cymene, and a crystalline substance 010H1402, m.p. 174-176 deg. C., which
they claimed was a phenol. Harvey (loc. cit.) administered 1-a-phellandrene 
to sheep and recove,red from the urine after acid hydrolysis, phellandric acid, 
p.cymene, 1and carvotanacetone. It is possible that the phenol reported by
Fromm and Hildebrandt could have been due to the use of an impure sample 
of phellandrene. As these substances appear to be scission products of 
conjugated derivatives, an attempt was made to isolate such derivatives from 
sheep urine. 
· After administering 1-a-pheHandrene, the urine was treated with lead 
acetate. From the precipitate obtained an acid, m.p. 153 deg. C. , recrystallised 
from water, was isolated in small amounts. This acid contained nitrogen, and 
after acid hydrolysis phellandric acid m.p. 144 deg. C. was obtained. Analytical 
results suggested the glycine derivative of phellandric acid, i.e., phelanduric 
acid. A sample of phellandric acid of low rotation but correct melting point 
previously obtained from sheep by Harvey, was conjugated with glycine. The 
acid obtained in this way had similar properties to the acid isolated from the 
Phell4nduric Acid. 
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urine except that its melting point was 156 deg. D. A mixed melting point 
gave a value of 154-155 deg. C. The difference in melting points may perhaps 
be due to the presence of traces of impurity, such as cuminuric acid derived 
from the small amount of p.cymell.e in the sample of pi1ellandrene administered, 
or to the use of a partially racemic phellandric acid in the synthesis. It appears 
therefore, that phellandric acid formed from phellandrene by the sheep undergoes 
conjugation with glycine and is excreted as phellanduric acid. 
After removal of the phellanduric acid, the urine was precipitated with 
lead sub-acetate, and the precipitate decomposed with hydrogen sulphide. The
solution obtained after the lead sulphide had been filtered off showed slight 
reducing properties, but a definite increase in reduction was noted after acid 
hydrolysis. The solution had a distinctly negative rotation before hydrolysis 
and no alteration occurred on addition of alkali (to pH 12) . After hydrolysis 
P. Cymen<t .. Cdrvotdndcetone. 
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the rotation was found to be positive. This solution also gave a deep purple 
colour when tested with naphthoresorcinol (To lien's reagent). Furthermore, 
this solution gave an osazone similar in appearance to glucosazone, but was not 
fermented by yeast. These properties indicated the presence of a glucoronide 
with a glycosidic linkage in the urine. 
The solution was extracted with ether without result, and then hydrolysed 
with dilute sulphuric acid. Extraction with ether then yielded a neutral liquid 
containing carvotanacetone and p.cymcnc. 
In order to explain the glycosidic linkage it must be assumed that 
phellandrene is converted to a hydroxy derivative before being conjugated with 
glucuronic acid. This appears to be a common reaction in the detoxication of 
terpenes and derivatives. The presence of the ketone, carvotanacetone, and 
p.cymene after hydrolysis inrlicated that this derwative is probably-a tri-hydroxy 
p.menthane compound, which on treatment with acid loses water, juet as 1.2.8. 
and 1.2.4. p.menthanc triol form carvenone and p.cymene (see Wallach a). 
Several conjugated triols may theoretically be derived from phellandrene, and 
may in fact be present in the urine, but a possible scheme of reactions could be 
formulated as indicated on page 2. 
The poor yields obtained indicate quite a considerable degree of oxidation 
of the original terpene. 
p.Cymene.-It is well known that most animals oxidise p.cymene to 
cumic acid (see Sherwin4) and Harvey (loc. cit.) verified that this reaction also 
occurred in the sheep. As the glycine conjugate of cumic acid, cuminuric acid 
is also recorded, it seemed highly probable that as with phellandric acid, the 
sheep would also excrete cumic acid conjugated with glycine. Cymene was 
therefore fed to sheep, the collected urine acidified, cooled, and the crystalline 
acid filtered off. This acid recrystallised from hot water in glistening plates, 
contained nitrogen, melted at 168 deg. C., and after hydrolysis yielded cumic 
acid. Thus the sheep, as with phellandrene, utilises oxidation and conjugation 
for the detoxication of p.cymene. 
Menthol.-The fact that rabbits convert menthol into a glucuronide and 
that dogs oxidise it almost completely has been known for some time. The 
problem has been thoroughly investigated recently by Williams,5•8 when the 
conjugation of the isomeric 3 menthanols by rabbits was studied. The yield of 
the ammonium salt of the glucuronide in these experiments was so good that the 
method was recommended for the preparation of d.glucuronic acid8• For every 
gram. of dl.menthol fed to rabbits 1·4 gram of crude ammonium salt of the 
glucuronide was obtained. It was thought that it would be interesting to 
compare the efficiency of the sheep with that of the rabbit in producing the 
conjugated acid. Such an experiment would supply some information about the 
general methods of detoxication used by the sheep, and also indicate whether 
the sheep could be used as an experimental animal for the preparation of the 
inaccessible glucuronic acid. Much larger doses of menthol could be given to a 
sheep, and the inconvenience of a stomach tube would be avoided; 
Accordingly, sheep were fed with l.menthol and both the free glucuronide 
and its ammonium salt were isolated. Using experimental conditions which 
could undoubtedly be improved for quantitative recovery of the urine, it was 
found that l.l.G. of crude ammonium l.menthyl glucuronate was obtained for 
every gram of l.menthol fed. Better yields could be expected with dl.menthol, 
so that the amount obtained compares favourably with that obtained from the 
rabbit. From these experiments it appears that the sheep could be used for 
the bio-synthesis of glucuronic acid, and evidently the sheep resembles the rabbit 
in its method of detoxifying menthol. 
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a-Terpineol.-This alcohol appears to have been first fed to rabbits by 
Hamalainen9 who reported the presence of a conjugated glucuronide in the 
urine. In o�der to test the mechanism by which sheep detoxify this substance, 
some pure a-terpineol was fed to several animals and the urine examined. 
Reduction only after acid hydrolysis and a positive test with Tollen 's 
reagent indicated the presence of a glucuronide having a glycosidic linkage. 
When the'urine was hydrolysed and extracted with ether, a crystalline neutr�l 
solid was obtained which proved to be terpin hydrate. No other hydrolytic 
products were present. As the conditions of hydrolysis were severe (boiling for 
one hour with dilut� sulphuric acid) it is possible that a molecule of water may 
have been added across the double bond of the a-terpineol at this stage. The 
glucuronide was then precipitated from fresh urine with lead sub-acetate, and 
the precipitate decomposed with hydrogen sulphide in the usual way. A 
non-crystalline, hygroscopic, resinous solid was obtained which was soluble in 
alcohol but not in other organic solvents. When some of this solid was dissolved 
in water, acidified with dilute hydrochloric acid (to congo red) and warmed at 
40 deg. C. for four hours, hydrolysis occurred and ether extraction again yielded 
terpin hydrate. The addition of water is unlikely under these conditions. 
Attempts to obtain the glucuronide or its ammonium salt in crystalline form 
failed. The amounts of terpin hydrate obtained in all cases were small. 
Terpin Hydtrate.-MatzeP0 working with rabbits showed that a glucuronide 
was present in the urine after feeding terpin hydrate. Hamalainen11 stated 
that when terpin was fed to rabbits, a glucuronide was produced which on 
hydrolysis gave a menthadiene. When hydrated this hydrocarbon gave terpin 
hydrate and terpineol, and when oxidised with chromic acid terpenylic acid 
was obtained. 
Several sheep were drenched with terpin hydrate with a view to obtaining 
some information about the metabolism of cineol by these animals (see later). 
The recovered urine was hydrolysed with acid and extracted with ether. The 
only product fou:n: d was a small amount of terpin hydrate. As the urine 
reduced only after hydrolysis and gave a positive reaction w[th Tbllen 's 
reagent, it is most probable that the terpin hydrate was derived from a glucu­
ronide of terpin, as in the case of a-terpineol mentioned above. It was not found 
possible to obtain the glucuronide or its salts in a crystalline state. 
Cineole.-The detoxication of cineole by rabbits was investigated by 
Hamaliiinen12, and evidence was obtained for the presence of a glucuronide of 
an oxycineole. The conjugated derivative appeared in the urine after a daily 
dose of 1 G., and it appeared that cineole was oxidised to either 2 oxy- or 3 
oxy-cineole before conjugation with glucuronic acid. The free glucuronide 
was not obtained. 
Ai'. cineole is a common constituent of the essential oils of plants which 
may be eaten by sheep, experiments were conducted to determine its toxicity 
towards these animals. Single doses of 10 and 20 G. were admin�stered to a 
number of sheep at different times, and in no case was it found possible to 
obtain any evidence of the presence of metabolic produ:cts of cineole in the 
urine. No odour of cineole could be detected in the pens, none was excreted 
unchanged in the faeces, and the animals did not appear to be affected in any 
way. After a single dose of 30 G. the animals appeared to be distressed, their 
muscles twitched violently when touched, but the urine did not contain any 
abnormal metabolites. Finally 20 G. were administered on two successive 
days to three sheep, and after the bulked urine (representing 180 G. of cineole) 
was hydrolysed with acid and steam distilled, two ml. of a neutral liquid 
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were obtained. The experimental evidence indicates that, except runder extremely
provocative conditions, the .s�eep is able to �ompletely oxidise cineole. These
results are in accordance with the conclusiOn drawn by StekoP3, that the 
hydrogenation of an aromatic compound facilitates its complete destruction 
<'in Vivo.'' 
a-Pinene.-Harvey (loc. cit.) fed a-pinene to sheep and obtained a low 
yield of unidentified neutral products. The animals were adversely affected by 
the pinene. The neutral products have been further investigated in this series of 
experiments, and the presence of p.cy:rhene proved. The a-pinene has also 
been shown to give rise to a glucuronide which presumably is hydrolysed to 
give p.cymene and the other unidentified neutral substances. Because of the 
toxicity of the pinene and the poor yield of detoxified products the experi­
ments were not carried any further. It is interesting to note however that 
Hamalainen found that rabbits oxidise pinene to an oxyderivative which is 
eonjugated with glucuronic acid'. Hydrolysis of this glucuronide yielded 
p.cymene.
EXPERIMENTAL. 
The procedure adopted with each substance investigated unless otherwise 
stated was as follows. Full grown wethers were used, and the method employed 
by Harvey (loc. cit.) for housing and urine collection was adopted. The animals 
were kept on a standard diet of wheaten or oaten chaff and concentrates for two 
or three days previous to drenching, and during the period of the experiments. 
The stated quantity of the sample was diluted to 30 ml. with medicinal liquid 
pal'affin, and the whole administered by means of a standard drenching gun. 
Each dose of substance was preceded by a drench of 5 ml. of 10 per cent. copper 
sulphate to minimise passage into the rumen. The urine was collected in acetic 
acid and under toluene where possible. 
Phellandtrene.-The 1-a-phellandrene was obtained by fractionation of 
the essential oil of Eucalyptus dives. The sample used contained 90 per cent. 
1-a-phellandrene, and 10 per cent. p.cymene ([a] 2n° - 160 see Hancox and
Jones14). Three sheep were used, each being given 10 G. of the sample for
two successive days and the urine collected for another 24 hours after the 
second dose. The urine was kept at a low temperature until ready to be 
treated. 
The bulked urine (3 litres representing 60 G. of the sample) was treated 
with lead acetate solution until no further precipitation occurred. This pre­
cipitate appeared to consist mainly of the lead salt of phellanduric acid, and 
practically none of this acid remained in the filtrate. The filtrate was cooled 
in ice and made nearly neutral with dilute ammonium hydroxide. A cooled, 
saturated solution of lead sub-acetate was then added until no further precipit­
ation occurred. This precipitate was filtered off at the pump and washed with 
3 litres of cold water. It was then suspended in about 2.5 litres of cold water, 
ice added, and hydrogen sulphide passed as quickly as possible. When precipi­
tation was complete, the lead sulphide was filtered off and the clear solution 
examined for the presence of a glucuronide. 
Phellaxndttric Acid.-The precipi:t'ate obtained with lead acetate was 
suspended in water and decomposed with hydrogen sulphide. The resulting 
suspension was extracted with ether and the lead sulphate filtered off. The 
ethereal extract was shaken with sodium carbonate solution, and the alkaline 
layer decomposed with acid. The acid obtained was filtered off and recrystallised 
several times from boiling water using charcoal. It appeared to have very 
little volatility in steam, and recrystallised in shining fiat plates. Yield 2.5 G. 
6 
Analysis: 
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Melting point 153 deg. C. 
[a] 2n2 - 25 ( c = 2 in alcohol) 
Equri.valent weight by titration 227. Theoretical 225. 
Test for nitrogen positive. 
Found C.64.2 H. 8.4 N. 6.3 
H. 8.44 N. 6.22 
Hydro�ysis of Phellandnric Acid.-0.5 G. was refiuxed with 20 per cent.
hydrochloric acid for one hour. The cooled solution was extracted with ether 
and after removal of the ether an acid was obtained which was recrystallised 
from aqueous methyl alcohol. 
Melting point 144deg. C. 
Mixed melting point with phellandric acid 144 deg. C. 
Synthesis of Phellandiuric Acid.-1.5 G. of phellandic acid [a] n -.85 was
refiuxed for half-an-hour with excess thionyl chloride (8 mils previously 
distilled over quinoline) . The excess thionyl chloride was removed at the water 
pump, and the acid chloride then dist,illed under 3 mm. The liquid obtained 
was immediately added to 5 mils of water containing 1 G. of glycine. This 
solution was shaken vigorously and kept alkalin€ by addition of sodium 
hydroxide solu,tion. On acidification a white solid separated consisting of a 
mixtu:re of phellanduric acid and unchanged phellandric acid. The phellanduric 
acid was extracted with boiling water and recrystallised several times. It 
recrystallised in shining fiat plates, melting point 156 deg. C., mixed melting 
point with sample obtained from the sheep 154-156 deg. C. 
EXO!mination far Glucuronides.-The filtrate obtained from the lead 
sulphide after decomposition of the lead sub-acetate precipitate was adjusted to 
pH 5-6 with ammonia and evaporated to 200 ml. under reduced pressure. This 
solution gave a strongly positive reaction with naphthoresorcinol reagent for 
glucuronides, and the following examinations were made. 
Rotation (taken in a decimetre tube)-
Before hydrolysis (pH. 6) 
Before hydrolysis (pH. 12) 
After acid hydrolysis 
a=- 3 
a.=- 3 
a=+ 0.42
Redu,ction.-The redu:cing powers of this solution were found before 
and after acid hydrolysis using the Bertrand method, the results 
being expressed as the number of mgm. of copper reduced by 
1 ml. of solution. 
Before hydrolysis 
After hydrolysis 
19·0 mgm. 
52·0 mgm. 
The concentrated solution (5 mils) was treated with phenylhydrazine (1 G.) 
and glacial acetic acid (1 G.) and clusters of needle-shaped crystals similar to 
glucosazone were obtained. F'ermentati!on of 'the solution with yealst was 
negative, but a control with a small amount. of glucose added was positive. 
The solution was then concentrated to a syrup but no crystals were 
deposited on keeping. Finally, some of the syrup was diluted with water to 
about a litre, acidified with sulphuric acid (to congo red), and refiuxed for an 
hour. Extraction with ether gave about 1·5 ml. of a neutral liquid, which gave 
a derivative with 2·4 dinitro-phenylhydrazine. A deep red solid melting at 
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191 deg. C. was separated from this precipitate by extraction with alcohol 
indicating the presence of carvotanacetone. The remainder of the neutral liquid was oxidised with 1 :1 nitric acid by refiuxing for half-an-hour. A crystalline
acid was obtained, recrystallised from aqueous alcohol, m.p. 180-181 deg c 
mixed m.p. with p.toluic acid 180 deg. C. This is evidence for p.cymene. 
· .,
p.Gymene.-Three sh'eep were used and each drenched with 10 ml. of
pure p.cymene (distilled over sodium). A twenty-four hour sample of urine
was collected, the whole bulked, acidified to congo red with dilute sulphuric acid 
and cooled in the refrigerator. A white crystalline solid was deposited in larg� 
bulk immediately on acidification, and after thorough cooling was filtered off.
This solid was an acid which could be recrystallised in fiat shining plates from 
hot water. Approximately 5.6 G. of crude acid were obtained from 10 G. of 
p.cymene. Tests for nitrogen positive-
Melting point 168 deg. C. 
(m.p. cuminuric acid-Bielstein 168 deg. G.) 
Equivalent weight by titration 220, theoret. 221.
Analysis:-
'Found C. 65J3 H 6·9 
Calc. for C12H1503N C. 65·1 H 6·78 
1 G. hydrolysed by refiuxing with 30 per cent. sulphuric acid for half-an­
hour, and then steam distilled. A white crystalline acid was obtained, recrystal­
lised from hot water, melting point 118 deg. C. Mixed melting point with 
cumic acid 118 deg. C. 
MenthoL-Three sheep were each given 10 G. of l.menthol dissolved in 
liquid paraffin, and the urine collected for the following twenty-four hours. The 
whole of the urine was bulked together and a further twenty-four-hour sample 
taken. 
The first day's urine showed reduction only after hydrolysis, and gave 
a strongly positive reaction with naphthoresorcinol. A portion of this sample 
was acidified and extracted with ether in a continuous extractor. The acids were 
extracted from the ether layer by sodium carbonate solution. A mixture of 
solid acids was obtained from which the benzoic acid (normally present in the 
u.rine) was extracted with benzene. The residue was dissolved in a large
volume of water (7 G. required 200 ml.) decolourised with charcoal, acidified 
with hydrochloric acid and left overnight in the refrigerator to crystallise. 
After a second recrystallisation the constants indicated that the acid was 
l.menthyl glucuronide.
Melting point 94 deg. C. 
[a]D -109 (c = 2 in alcohol)
When hydrolised with 25 per cent. sulphuric acid and steam distilled l.menthol 
was obtained. 
A second portion of this urine (300 ml.) was treated according to 
Williams' method for the preparation of ammonium menthyl glucuronate9• 
The crude salt was filtered and dried. Yield from 300 ml. of urine 4·1 G. 
representing a general yield of approximately 11 G. of crude ammonium salt 
per sheep in the twenty-four hours following a 10 G. dose of l.menthol. 
The second day's urine was also extracted with ether but only a very 
small amount of Cl'ude glucuronide was recovered. It would not be necessary
to continue collecting the urine much longer than the first twenty-four hours 
following the dose of the menthol. 
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a-Terpineol.-Crystalline a-terpineol (m.p. 36-37 deg. C.) was given in 
doses of 10 G. to six sheep. The urine was collected for two successive days 
without preservative. Reduction occurred only after hydrolysis, and on 
:acidification a precipitate of denatured protein appeared, indicating a fair degree 
of proteinuria. The first day's urine was hydrolysed by boiling for an hour 
:after acidification with sulphuric acid (to congo red) . No abnormal products 
were obtained on steam distillation, but after subjecting to constant extraction 
with ether for six houil's and separating the neutral products, a white crystalline 
solid was obtained. This was recrystallised from aqueous alcohol several times 
:and its melting point found to be 115 to 119 deg. C. A mixed melting point 
with terpin hydrate freshly recrystallised gave exactly the same range. This 
evidence was considered conclusive for terpin hydrate. The second day's urine 
was treated similarly and yielded a small amount of terpin hydrate. Approxim­
ately 0.03 G. of terpin hydrate was recovered for each gram of a-terpineol fed. 
The urine from a second experiment on the same animals was treated 
with lead acetate and lead sub-acetate as for phellandrene (above). The 
lead sub-acetate precipitate was decomposed with hydrogen sulphide and the 
lead sulphide filtered off. The filtrate gave a positive test with Tollen's reagent 
and was evaporated under reduced pressure to 150 ml. and left in the 
refrigerator for several weeks without any crystalline material forming. 
Portions of this solution were treated with barium carbonate and ammonium 
hydroxide and evaporated without result. The remainder of the solution was 
treated with barium carbonate and the barium salt obtained after evaporation. 
Repeated precipitation of the barium salt with alcohol did not yield a pure 
salt. An attempt was made to methylate the 'barium salt with dimethyl sulphate 
and methyl iodide, but a non-crystalline syrup was obtained. 
A further amount of glucuronide solution prepared in the same way 
was evaporated to dryness in vacuo and a resinous hygroscopic solid remained. 
10 G. of this solid were dissolved in a litre of water, acidified with dilute 
hydrochloric acid, and warmed at 40 deg. C. for foUJr hours. Hydrolysis 
occurred and extraction of the solution with ether again gave terpin hydrate. 
Terpine Hydrate.-Three sheep were each given 10 G. of terpin hydrate 
suspended in liquid paraffin. The urine obtained showed no evidence of protein, 
reduced only after hydrolysis, and gave a positive test with Toll en's reagent. 
No abnormal steam volatile products were obtained after hydrolysis, but ether 
extraction again yielded terpin hydrate identified by mixed melting point. 
A fresh batch of urine was treated with lead acetate and lead sub-acetate as 
with a-terpineol, but no crystalline products were obtained. 
Cineole.-The cineole used was obtained by freezing Eucalyptol B.P. and 
decanting the mother liquor from the crystals. Six sheep were used, each 
being given 10 G. of cineole and the urine collected for the subsequent twenty­
four hou:rs. The urine was acidified with sulphuric acid (to congo red), steam 
distilled and later extracted with ether in a constant extractor. No abnormal 
metabolic products were obtained, and steam distillation of the faeces collected 
for two days after the dose gave no cineole. The dose was then increased to 
20 G. and then 30 G., the same procedure being adopted in each experiment. 
Again no metabolites were found. After the 30 G. dose the urine reduced 
Benedict's solution, but no albuminuria was noted after any dose. 
Finally three sheep were drenched on two successive days with 20 G. 
of cineole. The urine collected after the first dose did not reduce either before 
or after hydrolysis, but that obtained after the second dose red:u.ced before 
hydrolysis. The urine was then hydrolysed and steam distilled. No acid or 
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phenolic products were obtained but 2 ml. of a neutral liquid (which would 
inclu:de a small quantity of the normal urinary neutral substances) were 
obtained. This represented the yield from 180 G. of cineole. No solid 
derivative could be made from this liquid with 2.4. dinitrophenylhydrazine. 
a-Pinene.-Three sheep were drenched with 10 G. of a-pinene, 
obtained by fractional distillation of spirits of turpentine (b.p. 156 deg. C., 
[a]n + 48-5). This dose caused the urine to show some reduction before
hydrolysis, but only a slight trace of albuminuria was present. The dose was 
repeated on the second day and albuminuria was heavy. One animal was 
given a . third dose and although albuminuria and reduction were very severe 
the animal survived. The urine obtained from these experiments (representing 
70 G. of a-pinene) was acidified with acetic acid and extracted with ether 
without result. It was then treated by the lead sub-acetate process as for 
phellandrene. The final solution gave a positive reaction with Toll en's reagent, 
and the reducing powers as estimated by the Bertrand method showed an 
increase after hydrolysis. The solution was concentrated and its reaction 
tested in a decimetre tube before and after hydrolysis. 
Rotation before hydrolysis a= -0-66 
Rotation after hydrolysis a= +0.31 
These tests clearly indicated the presence of a glucuronide, which on hydrolysis 
gave the neutral products isolated by Harvey (loc. cit.). The following tests 
were carried out on these neutral fractions. 
Fraction 1. Clear liquid n � 
d 15·5 
15•5 
1·4928 
0·871 
One ml. was oxidised by refiuxing with 20 ml. of 1: 1 nitric acid for half­
an-hour. A crystalline acid was obtained, recrystallised from aqueous alcohol 
m.p. 180-18'1 deg. C. Mixed melting point with p.toluic acid 180 deg. C. indicated 
the presence of p.cymene. 
Fraction 3 and Fraction 4. From these fractions a semi-carbazone was 
prepared which after repeated recrystallisation from aqueous alcohol melted at 
206-207 deg. C. As this melting point is the same as that of the semi-carbazones 
of myrtenal and verbenone, these two substances were prepared. Myrtenal was 
made by oxidation of a-pinene with selenium dioxide1\ and verbenone by 
oxidation of a-pinene. The oxidation was carried out by shaking the a-pinene 
with cobalt naphthenate in the presence of oxygen until no more gas was 
absorbed, and then fractionating the product. Mixed melting points with the 
semi-carbazones of these two substances and that obtained from the above­
mentioned fraction showed great depression. 
Comclu.sions and Surwmary.-The mechanisms used by the sheep in 
detoxifying a-phellandrene, p.cymene, menthol, a-terpineol, terpin hydrate, 
cineole, -pinene have been investigated. The indications are that the 
sheep does not use any method of detoxication peculiar to that animal, and that 
if fed on a normal diet does not find difficulty in supplying sufficient glucuronic 
acid and glycine for conjugation purposes. In several instances close similarity 
to the methods used by the rabbit has been observed, and with the majority of 
the substances fed the yields of detoxified products are very low, indicating 
a high degree of oxidation. It is probably safe to assume that the metabolites 
isolated are not end products, but intermediates which have escaped complete 
destruction because of the relative slowness of the oxidative processes. 
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